
USDA
Remote Sensing Programs, 
Priorities, and Partnerships

Glenn R. Bethel

USDA Remote Sensing Advisor



Outline

• National and Global Satellite Imagery 
Programs

• National Aerial Programs



Agriculture’s Interrelated Policy and 
Program Considerations

• Commodity programs  
• Conservation  
• Agricultural trade  
• U.S. Nutrition programs  
• Rural development 
• Agricultural research,
education, and     
extension 

• Forestry  
• Biofuels 
• Sustainable Agriculture
• Carbon Markets

• Environment
• Climate change
• Trade Policy
• Access to food by 
poorest consumers in 
poorest countries

• Dealing with longer-term 
scarcity concerns:
– Land availability
– Water
– Food production inputs, 
especially energy

• Energy (total supply & 
demand)



Satellite Imagery

AWiFS

MODIS

SPOT
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AWiFS Coverage

SyriaRomaniaMoroccoEthiopiaBangladesh

ZimbabweSouth AfricaPolandKazakhstanChinaAustralia

United StatesSlovakiaParaguayIranCanadaArgentina

UkraineSerbiaPakistanIraqBulgariaAlgeria

TunisiaRussiaNigeriaHungaryBrazilAfghanistan



Additional AWiFS Coverage: October 1-10, 2008

Coverage Limited by Funds



Additional AWiFS Coverage: 
October 11- November 30, 2008



Additional AWiFS Coverage: 
December 1-18, 2008

Coverage Limited by Funds



Additional AWiFS Coverage: 
December 19, 2008 – February 4 2009



Additional AWiFS Coverage: 
February 4 2009 –March 2, 2009



Additional AWiFS Coverage: 
March 3-25, 2009



Additional AWiFS Coverage: 
March 26, 2009 – April 18, 2009



US Areas Collected for Remainder of Growing Season 
(>=5 day Repeat Cycle)



Foreign Agriculture Service MODIS 
Subsets for Crop Monitoring



Foreign Agriculture Service MODIS 
Subsets for Crop Monitoring





GIS Analysis/Integration
(Multi-year comparisons)

�Daily polygrid data (25-51-
km) for rainfall, snow, solar 
radiation, min/max 
temperatures, potential 
ET, and actual ET

�Archive from 1981

AGRMET

FAS/Office of Global Analysis

COARSE-RESOLUTION 
Imagery

OGA REGIONAL CROP 
ASSESSMENT ANALYSTS

BASELINE 
REFERENCE Data

�Historical crop production databases

�Administrative boundaries

�Average temperature & rainfall spatial data

�Soil texture & water-holding capacity

CROP PRODUCTION 
ESTIMATES

�Preliminary production estimates

�“Lockup” with USDA’s World Outlook 
Board

�USDA official production estimates 
released on the second week of each 
month

�Daily station data 
for rainfall, & 
min/max 
temperatures

�Archive from1979 USDA Satellite Imagery Library

�Vegetation classification

�Vegetation stress

�Area planted estimatesMonitor vegetation conditions.

Historical crop area, yield, 
production,& trends connected 
to regional weather anomalies

WMO STATION Data

75 offices 
monitoring 110 
countries

Attaché reports (from USDA/FAS) for 
area harvested, yield, & production.

ECONOMIC 
INFORMATION

10 regional analysts 
monitoring 100 
countries

LAC 

AVHRR

GOESMETEOSAT

Global Monitoring Data Sources for Estimating Crop Production

Station & polygrid data 
utilized to generate rainfall, 
temperature, & soil moisture 
images.

MEDIUM to HIGH-RESOLUTION 
Imagery

GRIB 

(RASTER)

Convergence of
Evidence 
Analysis

Automated Product 
Generation (WWW)

Image analysis

CROP Models

�Wheat (CERES, AGRISTARS, Maas, URCROP),

�Corn (AGRISTARS,  URCROP)

�Soybean (Sinclair)

�Sorghum (AGRISTARS) 

� Barley (URCROP). 

ALARM Models

�Act as  meteorological data filters by providing early warning 
to adverse weather conditions that affect crop growth.

�Models crop stages for corn, wheat, and sorghum.

�Flags regional weather anomalies that exceed temperature 
and soil moisture thresholds for the particular crop.

SOIL MOISTURE Models

LOW-
RESOLUTION

Imagery

GAC
(from 
NASA)

Rainfall 
images 
(8-km)

IKONOSResourcesat 1

AWiFS

QuickBird

GMS
Landsat

SPOT
TERRA/AQUASPOT Veg

SSMI

•OGA Agricultural Economists for
Grains, Cotton, and Oilseeds 

•National production data & News Wires
•Regional experts + crop assessment travel



MODIS Processed Data 

02/18/09 - 03/05/09

NDVIs related to 5-Year Average NDVIs related to Cropland

March 2009



Processing Global SPOT Vegetation 
NDVI



Time Series of Mississippi 
Flooding June 2008

MODIS Imagery from 
MODIS Rapid Response 

System

Imagery downloaded from:
http://rapidfire.sci.gsfc.nasa.gov/subsets/?subset=USA3.2008080



ESRI Water Body Types Used to Display 
Normal Water and Swaps…

Levee Data Levee Data 

from Army from Army 

Corps of Corps of 

EngineersEngineers



About the Slides

Levees 
In 

YellowYellow

Flood Flood 

Water In Water In 

BlackBlack

Normal Water Normal Water 

from ESRI from ESRI 

Water Body Water Body 

Types Marshes Types Marshes 

and other and other 

Normally Wet Normally Wet 

AreasAreas



March 20, 2008



June 17, 2008



June 12, 2007



June 19, 2008

MODIS Rapid Response Team 



June 21, 2008



June 23, 2008



June 23, 2008 MODIS



June 23, 2008 SPOT

The additional Spatial Resolution of Spot 5.



MODIS Active Fire Mapping ProgramMODIS Active Fire Mapping Program

•• Generate Generate ““value addedvalue added”” geospatial fire productsgeospatial fire products

�� Current, synoptic view of the wildfire situation in a Current, synoptic view of the wildfire situation in a 
geospatial contextgeospatial context

�� Accurate and current information on fire locations, fire Accurate and current information on fire locations, fire 
intensity, burned area extent and smokeintensity, burned area extent and smoke

�� Aid strategic planning and asset allocation at Aid strategic planning and asset allocation at 
regional/national levelregional/national level

�� Prioritize allocation of suppression assets Prioritize allocation of suppression assets 

�� Focus tactical airborne reconnaissance assetsFocus tactical airborne reconnaissance assets

�� Monitor fire activity in remote areasMonitor fire activity in remote areas

NIFC NIFCNIFC NIFC



MODIS ActiveMODIS Active--Fire ProductsFire Products

• Products to assist strategic planning

• Fire detection maps, imagery and 
geospatial data

• Not a replacement for airborne 
thermal infrared mapping systems

• Available for United States & Canada

Washington Washington -- September 29, 2006September 29, 2006

Utah Utah -- June 23, 2006June 23, 2006

Derby FireDerby Fire

August 30, 2006August 30, 2006



Main function: Wildfire mapping from Main function: Wildfire mapping from AprilApril--NovemberNovember

144Z: Cessna Citation Bravo

NIROPS AircraftNIROPS Aircraft

149Z Beechcraft 200 Super King Air



PHOENIX
FS Phoenix 

sensor is the 
primary tactical 
fire sensor. 

IR Analysts 
Interpret 
Orthorectified
Imagery to 
create Fire 
Boundary 
Shapefiles.



Heat Sources and Fire Boundary



Image Processing / 
Information Extraction



Determining 
Disaster Extent
and Monitoring 

for Fraud

Tracking Reported Crops & 
Monitoring for Discrepancies

Forensic Reconstruction and 
Analysis of Crop Histories
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Integrating Remote 
Sensing, 

Geographic 
Information Systems 

(GIS), and Global 
Positioning Systems 

(GPS)



Model Builder Preprocessing 
ToolBox



Expansion of NASS Cropland Data Layer

1. Increased amount of imagery for same     

cost.

2. Improved commercial software.

3. Increased amount of ground truth data.

Colorado (’08)Nebraska

Michigan (’07)Missouri

Texas (’08)Wisconsin

GeorgiaOklahoma (’06)Indiana

North 
Carolina

Kansas (’06)Iowa

KentuckyMinnesota (’06)Illinois

MontanaOhio (’06)Mississippi

WashingtonSouth Dakota 
(’06)

Arkansas

CaliforniaLouisiana (’04)North 
Dakota

Additions 
for 2009

Expansion 

(2004-2008)

Traditional

(1997-
2003)

AWiFS Imagery has allowed for Increased Cropland 
Data Layer production.  





Aerial





USDA Aerial Programs

Farm Service Agency

Forest Service

Natural Resources Conservation 
Service
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NAIP Funding History

2003 - 2008 USDA NAIP Contracts 

$9.5M

$20.1M

$23.8M

$28.5M

$9.0M

$14.3M

28.4%
Partners
Average
Share



2008 NAIP Funding Sources

U.S. Forest Service                               $1,140,000

Natural Resource Consrv. Service $500,000

U.S. Geological Survey $150,000

FSA RMA (Coop with WVU) $50,000

State Governments (12 states) $2,418,728

Total 2008 Cost Shares:                   $4,258,728

FSA Funding Amount $10,071,521

2008 NAIP Funding Total:            $14,330,249
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CRISIS ON PUBLIC LANDS

Illegal Occupation of Public Lands

By 

Drug Trafficking Organizations



FS, BLM and NPS Land



2007 Locations of Cannabis Gardens  on 
National Forests. 

Source: FS Law Enforcement and Investigations



2007 Cannabis Gardens Linked to Drug 
Trafficking Organizations



Number of plants per site 
attributed to Drug Trafficking 
Organizations







NRCS, Natural Resources Inventory Imagery

1:7,920



Wetland Reserve Program, Program Integrity 
Acquisitions



UltraCamX – Color and CIR – 8” GSD

Four Band Imagery Increases Applications



The Return to Stereo Acquisitions

• The Forest Service and The Natural 
Resource Conservation Service were 
significant users of contact prints for 
stereo applications. 

• These agencies are experimenting with 
the use of direct digital, 4-band stereo 
imagery and soft-copy exploitation 
software. 



• Safety-of-Life operations –Fire, Snow Survey 

• Administration of the Farm Bill

• Conservation Planning and Application

• Natural and Cultural Resource Data Collection,

Inventorying and Monitoring

• Landscape Characterization & Engineering Applications

• Soil Mapping

10,000+ USDA personnel on the landscape every day, using GPS to provide 
program assistance, service, and technical support  to USDA customers and 

partners



Questions?



Links
• CropExplorer:

– http://www.pecad.fas.usda.gov/cropexplorer/

• MODIS Rapid Response System:

– http://rapidfire.sci.gsfc.nasa.gov/

• CropLand Data Layer
– http://www.nass.usda.gov/research/Cropland/SARS1a.htm

• USDA Data Gateway

– http://datagateway.nrcs.usda.gov/

• APFO NAIP

– http://www.apfo.usda.gov



Forest Service Forest Service WildlandWildland Fire Support Fire Support 
WebsitesWebsites

MODIS Active Fire Mapping
• http://activefiremaps.fs.fed.us

Forest Service's Remote Sensing Applications Center (RSAC)
•http://www.fs.fed.us/eng/rsac/

National Infrared Operations 
• http://nirops.fs.fed.us/

UAS’s for Active Fire Mapping and Communications
• http://nirops.fs.fed.us/UASDemo/
• http://geo.arc.nasa.gov/sge/WRAP/

Burned Area Emergency Response Imagery Support
• http://www.fs.fed.us/eng/rsac/baer

Monitoring Trends in Burn Severity
• http://svinetfc4.fs.fed.us/mtbs


